Background: A temporary ileostomy is frequently constructed to reduce the risk of symptomatic anastomotic leakage. An ostomy is a heavy burden on both patient and society, and early closure is therefore desirable to counteract increased morbidity. The optimal time for stoma closure has been investigated in some studies, although it remains controversial.
INTRODUCTION
Patients undergoing a low rectal resection may receive a temporary ileostomy to reduce the risk of symptomatic anastomotic leakage [1] . Anastomotic leakage is the most feared complication of colorectal surgery, and to decrease the risk of occurrence, some surgeons suggest that a temporary stoma should be formed to reduce intraluminal pressure on the bowel by a proximal fecal diversion, so that the distal anastomosis is kept relatively "clean" [2] . A defunctioning loop ileostomy is effective for reducing both the rate of symptomatic anastomotic leakage and the need for a reoperation, as proved by randomized controlled trials (RCTs) [1] and meta-analyses [3, 4] . Thus, the procedure is recommended for selected patients with high-risk anastomoses [3] . A temporary loop ileostomy is preferred to a colostomy by most surgeons because it is easy to construct and close without risk of injury to the colic vascular arcade, and there are fewer problems with prolapses [5] . However, the construction of a temporary stoma is associated with higher costs for patients and society alike. Stoma-related morbidity of a temporary ileostomy includes dehydration from high stoma output and the risk of a postoperative bowel obstruction [6] . Therefore, patients experience reduced quality-of-life due to physical and mental restrictions as well as some debilitating effects that are a nuisance [7] .
Some meta-analyses have reported that a temporary ileostomy does not prevent an anastomotic leakage [3, 8] . Many patients will keep their ileostomy for at least 3 months, often longer, and for some patients, it becomes permanent [9] . Furthermore, patients with rectal cancer are increasingly being offered a postoperative adjuvant treatment, which creates some uncertainty about the timing of stoma closure [10] . Early closure of atemporary loop ileostomy may reduce both stoma-related complications and patient discomfort.
A systematic review showed that closure of a temporary ileostomy was associated with low mortality (0.4%), but overall morbidity following a loop ileostomy closure ranged from 17.3% [11] to 28% [12] . The concept of a mature and adequately safe closure of such a stoma has been debated for some time now. The timing of stoma closure has been investigated in some studies to define the feasibility of early versus delayed reversal of a defunctioning ileostomy [13] [14] [15] , yet, it remains controversial. No meta-analysis data that determine the safety and optimal time for the closure of a temporary diversion of the small bowel, suggesting that there is no need to discard the current concept that a stoma is mature by 8-12 weeks, although some authors have provided evidence of safe closure as early as 6 days postoperatively [16] .
We conducted a meta-analysis of all RCTs and observational studies that compared complications and hospital stay length after early or late closure of a temporary ileostomy. These results will assist surgeons when making decisions regarding the optimal time to close a temporary stoma.
RESULTS

Search results
Details of the initial search results and refined inclusions are presented in Figure 1 ; a total of 873 references were identified from medical journal databases. After the removal of 166 duplicates and 699 exclusions, because their titles or abstracts described topics that were unsuitable for this study, 23 full-text articles were reviewed. Of these, four were reviews [17, 18] or only abstracts [15, 19] , one was a duplicate report [20] , one was a trial without related data pertaining to the outcome of an early orlate ileostomy closure [21] , and a comparative protocol was unfeasible in 10 studies [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . The remaining six studies [13, 14, 16, [32] [33] [34] ] that compared early with late closure ileostomy were included in the meta-analysis. An examination of references listed for these six studies and for review articles did not yield any further studies for evaluation. Agreement between the two reviewers was 83.3% for study selection and 83.3% for quality assessment of trials.
Characteristics of the included studies
The characteristics of the six studies included in the meta-analysis are summarized in Table 1 . They were published between 2005 and 2017 and include three RCTs [13, 14, 16] , two prospective studies [32, 34] , and one retrospective study [33] . The sample size ranged from 26 to 311, with a total of 767 participants: 356 in the early closure group (46.4%) and 411 in the late closure group (53.6%).
Methodological quality of the included studies
The quality of all included studies was generally high (Supplementary Tables 1 and 2 ) and true randomization was used in all, including RCTs. One retrospective and one prospective study did not adopt an appropriate protocol for treatment assignment, and all ocation was usually at the discretion of the surgeon. All RCTs provided information on allocation concealment, and blinding of the intervention was not possible. Three studies mentioned the follow-up duration, and half of the studies provided only perioperative data. Methods for handling missing data and the intention-to-treat analysis were adequately described in the majority of RCTs. www.impactjournals.com/oncotarget
Primary outcomes Perioperative complications
When data from the six studies were pooled, perioperative complications in 767 patients showed no significant difference between the early and late closure groups [9.4% and 7.6%, respectively; odds ratio (OR): 1.32; 95% confidence intervals (CI): 0.97-1.80; p = 0.08] (Figure 2 ). There was a higher prevalence of wound infection in the early closure group (16%; 57/356) than in the late closure group (6.57%; 27/411patients) (OR: 2.76; 95%CI: 1.70-4.50; p = 0.49; Figure 2 ). The early closure group also had a lower prevalence of obstruction (3.78%; 7/185) compared with that in the late closure group (10.3%; 24/232) (OR: 0.36; 95%CI: 0.15-0.86; p = 0.27; Figure 2 ). Anastomotic leakage and reoperation rates were available for three [13, 14, 32] and two studies [13, 14] , respectively, and there were no significant differences between the two groups (6.54% and 7.59%; OR: 0.84; 95% CI: 0.45-1.56; p = 0.58; and 6.67% and 5.41%; OR: 1.23; 95% CI: 0.27-3.23; p = 0.63, respectively).
Overall, 112 and 125 events related to stoma closure were observed in the early and late closure groups, respectively. A cumulative analysis of outcome measures demonstrated no significant difference between the early and late closure groups (OR: 1.20; 95% CI: 0.70-2.06; p = 0.51; Figure 2 ).
Secondary outcomes Operative time
All three trials [13, 14, 33] reported operative time in 324 patients, and the late closure group appeared to need a slightly longer operative time. However, a meta-analysis using the random effects model found no significant difference in the operative time between the early and late closure groups [weighted mean difference (WMD) 12.63 min shorter in the early closure group, 95%CI: −28.76-3.51; p = 0.13] ( Figure 3A ). Statistical heterogeneity was found (τ 2 = 162.99, χ 2 = 30.91; p< 0.00001, I 2 = 94%).
Postoperative hospital stay
All studies reported hospital stay after the closure, and a meta-analysis using the fixed effects model revealed no significant difference in the hospital stay length between the early and late closure groups (WMD 0.03 
Total hospital stay length
Three studies reported on the total length of hospital stay, the early closure group had a reduced total hospital duration, but a meta-analysis using the random effects model found no significant difference (WMD 3.47days shorter in the early closure group; 95%CI: −7.95-1.00; p = 0.02) ( Figure 3C ). Statistical heterogeneity was found (τ 2 = 10.65, χ 2 = 7.51; p = 0.02, I 2 = 73%).
Sensitivity analysis and publication bias
Three RCTs, one retrospective study, and two prospective studies that scored six or more stars on the modified Newcastle-Ottawa scale were included in the sensitivity analysis. There was no change in the significance of any complication outcomes, which was shown as not significantly lower in the early closure group than that in the late closure group (OR: 1.20; 95%CI: 0.70-2.06; p = 0.51). The degree of betweenstudy heterogeneity slightly decreased for complications and hospital duration but not for operative time.
There was no significant difference in publication bias as determined using the Begg's rank correlation test (p = 1.000; Figure 4A ) and the Egger linear regression method (p = 0.856; Figure 4B ).
DISCUSSION
This meta-analysis of three RCTs and three observational studies compared the efficacy of early versus late closure ileostomy after proctectomy in 767 patients. We showed that early closure of stoma was safe with significant skin irritation, and we found no significant differences in anastomotic leakage, obstruction, reoperation, bleeding, or mortality. Therefore, outcome measures analyzed for the closure of an ileostomy showed a higher prevalence of wound infection in early closure versus late closure. Outcome measures analyzed for operative time revealed no advantages for early closure. The analysis of hospital stay after closure revealed advantages for early closure in terms of hospital stay length after closure, but the total length of the hospital stay length showed no difference.
Gastrointestinal continuity is usually restored after a period of 8-12 weeks following an ileostomy [35] . This delay is considered necessary to allow patients plenty of time to fully recover from their index operation, but also to reduce the incidence of bowel friability and adhesions, which enable easier ileostomy reversal [10, 36] . Closing the stoma earlier than that time is thought to be associated with marked peristomal and intraperitoneal adhesions, making surgery more hazardous [10, 36] . However, the best time for reversing an ileostomy remains controversial and a high percentage of patients will experience stomarelated complications during this period.
A recent systematic review by Robertson et al. [37] in 2015, considered the early closure of a defunctioning loop ileostomy to be safe, and it reduced stoma-related morbidity. However, they stated that the availability of sufficient quality supporting evidence was limited. Only one RCT [14] was included in the analysis. Compared with a traditionally timed closure, the reported stomarelated complication rate was lower in patients who underwent early closure. Both mortality and ileus/small bowel obstruction(SBO) rates also compared favorably with a traditionally timed closure; however, wound infection rates appeared to increase. RCT, randomized controlled trial; RET, retrospective; PNR, prospective non-randomized; n/c, no comment; Stoma: 1a, temporary loop ileostomy; 1b, temporary stoma of the small bowel loop ileostomy; Diseases: 2a, rectal cancer, 2b, gynecological benign diseases; 2c, gynecological malignant diseases; 2d, inflammatory bowel disease; 2e, genetic intestinal disease; 2c, other benign diseases; Complications of stoma closure: 3a, wound infection;3b, obstruction;3c, anastomotic leakage; 3d, reoperation; 3e, bleeding; 3f, skin irritation; 3g, mortality; operative details: 4a, operative time; 4b, hospital duration after closure; 4c, total length of hospital duration. Compared with previous systematic reviews, the strength of our meta-analysis was that we included the most recent RCT that was reported by Danielsen in 2017 [13] . Our meta-analysis also included three RCTs with 767 participants (356 in the early closure group and 411 in the late closure group). As we assessed a total of three outcomes, the review evidence may be considered conclusive and less biased.
Although stoma-related complications may seem less severe than complications, such as anastomotic leakage and SBO, these complications can be tiresome, distressing, and embarrassing for the patient [38] . However, we found that early closure of a temporary ileostomy had less cases of skin irritation and no worse morbidity outcomes than late closure and that mortality associated with the closing of temporary ileostomy was low, regardless of closure time.
Operative time was significantly not different between the early and late closure groups, which may be attributed to the skin closure method. Further, a meta-analysis in 2015 demonstrated that a pursestring closure had significantly lesser surgical site infections and achieved better cosmetic outcomes following stoma reversal than a conventional primary closure [39] . The hospital stay length after an ileostomy closure was not prolonged; however, in the early closure group, it was suggested that the increased wound infection risk did not significantly delay discharge. In fact, the overall hospital stay length when the admission date for the original operation was considered in the late closure group, tended to be shorter in the early closure group (p = 0.02).
Therefore, our meta-analysis suggests that early stoma closure within 4 weeks after proctectomy is feasible and has some advantages in selected patients. This time period is thought to provide minimal delay in closure while still allowing adequate time for anastomotic healing, improving the overall quality-of-life of a patient and reducing healthcare costs [32] , despite higher wound infection rates.
However, our meta-analysis has several limitations. First, true double blinding was not achieved in the included trials. Not only were the participants and surgeons aware Oncotarget s1033 www.impactjournals.com/oncotarget of the operative method and allocated group because closure time substantially differed between these groups but also the researcher who conducted the actual coding of the complications was aware, which may have led to observer bias. Second, the low number and quality of included studies weakened the results of our meta-analysis. Our study included RCTs and observational studies, and only three relevant RCTs compared early and late closure of a temporary ileostomy after proctectomy, although we have included the latest RCT. This implies that largescale multicenter trials are warranted for providing more reassuring evidence. Third, this meta-analysis did not address cost efficacy. The cost savings associated with early versus late ileostomy reversal was reported in a case-matched study involving 103 patients [40] . Direct hospital costs were compared and it was found that early closure reduced healthcare costs by approximately 25%, despite higher wound infection rates [40] . The overall reduced hospital stay combined with savings in stoma care may make this a cost-effective approach, but further study is needed to clarify this. However, as medical costs vary among countries, each health care system needs to conduct its own cost-effectiveness analysis to support their decision making.
MATERIALS AND METHODS
Data source and search strategy
A literature search was performed on July 25, 2017, without restriction to region, publication type, or language. The primary sources were the electronic databases of PubMed, Wiley, Web of Science, and the Cochrane Library. Medical subject headings (MeSH) and free-text words in combination were used in the search for RCTs and observational studies. The following MeSH terms and their combinations were searched in the title/abstract: "ileostomy," "stoma," and "closure." All abstracts, studies, and citations were reviewed. The related articles function was also used to broaden the search, and the computer search was supplemented with manual searches of the reference lists of all retrieved studies, review articles, and conference abstracts. When multiple reports described the same population, the most recent or complete report was used. Authors and device companies were contacted for additional published and unpublished studies.
Inclusion and exclusion criteria
There were two inclusion criteria for this study: (i) RCTs and prospective and retrospective comparative studies that compared early(<4 weeks) with late (>4 weeks) closure ileostomies for patients who had undergone an elective procedure for low rectal resection; (ii) reports adult only. Studies were excluded from the analysis if (i) a colostomy was excluded; (ii) relevant data could not be extracted or calculated from the publication; and (iii) if the study was reported as an editorial, letter to the editor, review article, case report, or animal experimental study.
Data extraction and outcomes of interest
After the removal of duplicates, search items' title and abstract were screened and sequentially excluded, according to the eligibility criteria (Fengxiang Shi and Chunling Wang). If uncertainty remained after screening the title and abstract, the full text was independently scrutinized by two investigators (Shuisheng Zhang and Xu Che), and discrepancies were resolved by consensus after a discussion. The primary outcomes were perioperative complications that included anastomotic leakage, wound infection, obstruction, or reoperation. Postoperative complications were classified according to the ClavienDindo grading system [41] . Secondary outcomes were operative time, hospital stay length after closure, and total hospital stay length, which was calculated from the date of the initial stoma operation to discharge.
Quality assessment and statistical analysis
Studies were rated for the level of evidence provided according to the Centre for Evidence-Based Medicine, Oxford, UK, criteria [42] . Provided data were centrally checked for completeness, plausibility, and integrity before they were combined in a single database. The methodological quality of RCTs was assessed by two independent investigators (Biao Zheng and Xiaozhun Huang) according to the Cochrane risk of bias tool [43] . The methodological quality of retrospective and prospective studies was assessed using the modified Newcastle-Ottawa scale [44, 45] , which consists of three factors: patient selection, comparability of the study groups, and outcome assessment. A score of 0-9 (assigned as stars) was allocated to each study except RCTs. The RCTs and observational studies with six or more stars were considered to be of high quality. Discrepancies were resolved by consensus after discussion. All the metaanalyses were performed using Review Manager 5.3 (Cochrane Collaboration, Oxford, UK). The WMD and OR were used to compare continuous and dichotomous variables, respectively. All results were reported with 95% confidence intervals(CI). For studies that presented continuous data as means and range values, standard deviations were calculated using the technique described by Hozo et al. [46] . Statistical heterogeneity between studies was assessed using the chi-square test with significance set at p < 0.10, and heterogeneity was quantified using the I 2 statistic. A random effects model was used if there was heterogeneity between studies; otherwise, a fixed effects model was used [47] . Sensitivity analyses were performed for high-quality studies. Publication bias was tested using Stata v. 12.0. Funnel plots were used to screen for potential publication bias.
CONCLUSIONS
The best available evidence demonstrates that early closure of atemporary ileostomy after proctectomy at 4 weeks shows no significantly increased morbidity, except an increased wound infection rate. No significant differences in the operative time, postoperative hospital stay length, and total hospital stay length for stoma reversal was observed between the early and late closure groups. In conclusion, our meta-analysis suggests that an early stoma closure after proctectomy is feasible in selected patients, and the advantages and disadvantages need to be weighed up by the patient and surgeon. More trials with a long-term follow-up are needed to confirm the potential benefit of an early closure stoma for improving overall quality-of-life and its subsequent cost-effectiveness.
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